Asian elephants Elephas maximus are an endangered species and human-elephant conflict (HEC) is the major threat to their survival. HEC causes crop and property loss and occasionally results in the death of both humans and elephants in Nepal. Elephants are responsible for more than 40% of the human-wildlife conflict, 70% of the wildlife-caused human casualties, and a 25% loss in crop production in Nepal. Identification of the factors associated with elephant invasion can help mitigate conflict by allowing residents and representatives to address those factors. This study used face-to-face interviews in 1182 households in villages affected by elephants in southern Nepal using a structured questionnaire to understand how land-use practices are related to HEC regionally. Almost all (99%) of the surveyed houses had some damage from elephants within the past five years. A stepwise binary logistic regression showed that practices such as the growing of traditional crops (rice and large maize fields), maintaining bananas, and home alcohol production increase the chances of elephant attacks. Our data also revealed that HEC is most intense in winter months, when rice is harvested. People residing near protected areas had positive attitudes towards elephants, as they received economic benefits from ecotourism and improved mitigation practices such as electric fences. Changing some land-use practices could reduce HEC in the region. Therefore, alternative crops should be explored to reduce HEC in southern Nepal. Other management recommendations include moving fruit trees away from homes or fencing community orchards. Although home alcohol production is illegal in Nepal, those engaging in the practice should not ferment alcohol in their homes. Finally, growing bamboo on the edge of settlements would engage elephants and allow for a response to repel them before severe crop or house damage occurs.
Human-wildlife conflict is the major threat to the survival of megafauna and it occurs when requirements of wildlife overlap with people's needs and interests (Khounboline 2007) . The major factor driving wildlife conflict is human population growth and the resource requirements associated with that growth. Human expansion transforms natural habitats of wildlife into human settlements and agricultural lands (Cordingley 2008) .
Large mammals are particularly associated with conflict throughout much of the world. For example, animals like the African elephant Loxodonta spp., hyena Crocuta spp. and lion Panthera spp. are greatly impacted in Africa, whereas elephant Elephas spp., leopard Panthera spp., tiger Panthera spp., rhino Rhinoceros spp. and snow leopard Panthera spp. are involved in human-wildlife conflict in Asia. In North America, the primary large mammals associated with human conflict are wolves Canis lupus spp., coyote C. latrans, deer Odocoileus spp. and feral hogs Sus scrofa (Distefano 2005) . Reducing this wildlife-related conflict is challenging, requiring huge economic investments to mitigate problems. Harvesting has been successful in the United States, especially to control over-populating animals like deer and feral hogs (Messmer 2009 ), but when it comes to animals at risk like elephants, lethal mechanisms are not appropriate.
Asian elephants Elephas maximus are listed as endangered by the IUCN, with populations decreasing due to habitat loss, human-elephant conflict (HEC), and poaching (Choudhury et al. 2008) . Remaining populations are often fragmented and wildlife becomes displaced and thus encroaches on human settlements. The extent of HEC in south Asia is particularly devastating. HEC results in hundreds of human and elephant deaths annually (Perera 2009 , Neupane et al. 2014 . Although Nepal does not have a large population of elephants (109-142 individuals, DNPWC 2008) , HEC rates are significant, and increasing in intensity, with 10 human and two elephant deaths annually (Neupane et al. 2014) . Elephants typically enter settlements at night resulting in house damage and human injury (Neupane et al. 2014) . Large herds of mobile elephants tend to create problems seasonally in trans-border human settlements whereas small residential herds create damage locally in rural villages (Shrestha et al. 2007 , Neupane et al. 2014 . Neupane et al. (2017) in a smaller sample (n 5 242) than this current study identified that 10% of households in villages neighboring wildlife refuges have experienced human injury or death over a five-year period.
Elephants are the most problematic large mammal species in Nepal, and responsible for more than 40% of the total human-wildlife conflict and 70% of wildlife-related human casualties (Bajimaya 2012) . Up to a quarter of crop production is lost annually from elephants (Shrestha et al. 2007) . The scope of the problem suggests that elephant damage to property may not be random. Identifying the risk factors associated with elephant encroachment such as land-and home-use practices that may be contributing to that encroachment is critical to formulating effective management plans.
Human land-use influences patterns of HEC in both Africa and Asia. Sitati et al. (2003) emphasized the importance of a detailed understanding of processes and patterns of elephant raiding incidences to implement the effective mitigation of conflict. Hoare (1999) identified an association between the land transformation from forest to agriculture purposes and elephant conflict. Distefano (2005) stated that small scale farming intensified the human-wildlife conflict in Kenya, whereas the growing of certain crops such as mango and sugarcane created favorable habitat for animals and influenced the distribution of wildlife in India (Vijayan and Pati 2002) . The presence of fruit trees around the crop fields attracted elephants in Africa (Lahm 1996 , Musyoki 2014 .
Aim and hypotheses
This study aims to understand the type of land and home use practices that were associated with HEC in Nepal. We predicted that local residents would have differing attitudes towards elephants based on elephant damage, potential benefits of ecotourism, and presence of mitigation practices. We hypothesized that HEC is not random and that land-and home-use practices do affect the frequency and intensity of conflict in Nepal. Several hypotheses are addressed in the present study. First, we hypothesized that the type of agricultural crops (maize, rice, wheat, mustard) affect elephant encroachment to crop fields. Second, many rural properties in Nepal have home gardens, with fruit trees (banana, mango, jackfruit, sugarcane, litchi) and/or bamboo in close proximity to their houses. We hypothesize that the presence of fruit trees and/or bamboo in home gardens is associated with elephant attacks to houses. The third hypothesis states that the presence of specific house contents (e.g. stored grains, alcohol) influences elephant damage to households.
Methods

Study area
Nepal is one of the most densely populated countries in south Asia (180 persons per km 2 , CBS 2014), and is geographically located between the lowlands of northern India and the Himalayas of southwest China. In a northsouth direction, topographically Nepal is divided into mountains, hills, and the lowland Terai, the southern belt of flat plains. Nepal has two types of elephant herds: large mobile herds that regularly cross the border to and from India, and small residential herds that inhabit the remaining forest fragments (Velde 1997 , Shrestha et al. 2007 , Yonzon 2008 . For the purpose of our study, it was useful to divide the Terai into three regions: eastern (ET), central (CT), and western (WT). Both ET and WT contain trans-border mobile routes for elephants, and HEC is primarily associated with these mobile herds. In contrast, CT contains only residential herds which cause lower levels of HEC (Yonzon 2008 , Neupane et al. 2014 . Eastern Terai contains one nationally protected forested area (Koshi Tappu Wildlife Reserve) and fragmented patches of community forests; CT contains two well-connected protected forests (Chitwan National Park and Parsa Wildlife Reserve) and dense community forests surrounding the protected areas; and WT has three larger protected areas (Banke National Park, Bardia National Park, and Shuklaphanta Wildlife Reserve) and good forest connectivity with Indian protected areas. This study focuses on eleven highly populated agricultural districts of the Terai (three districts each from ET and WT, and five districts from CT), where HEC are prevalent ( Fig. 1) (Neupane et al. 2014) .
Data collection
Participants
The households were selected from the elephant roaming regions in the Terai by visiting every 10th house we encountered in each village. We approached residents at their homes and only proceeded with the survey if the interviewee was over 18 years of age. During the survey, respondents were informed about the aim of the surveys and asked for their consent to conduct the surveys. All the respondents were asked if they would agree to participate in the survey; and no one refused.
Questionnaire
Prior to constructing the survey, we first conducted a pilot survey of local individuals and had focus group discussions with representatives from villages, community forests, and park officials in 2010. Residents indicated during the pilot study that elephants preferred traditional crops (rice, maize, wheat), garden fruit trees (banana, mango, jackfruit), and home garden plants (bamboo, broom grass). Similarly, residents informed Neupane that elephants were attracted to salt, and/or stored grains, and the smell of alcohol, and tended to damage the kitchen more than other parts of houses. Based on the information, questionnaire was constructed. We surveyed 1182 households (ET: 414, CT: 348, WT: 420) (Table 1 ) from 2012 to 2013 by way of face-to-face interviews using a structured questionnaire.
The questionnaire had two sections: general information about households and practices such as home alcohol production, types of agricultural crops grown, and types of fruit trees grown around the houses; and elephant-related issues such as intensity, frequency, and months of damage, and local mitigation measures employed to reduce HEC.
Respondents' socioeconomic background information was collected, including farm size (in Kattha; 1 Kattha 5 0.034 ha). Respondents were asked if their farm production was sufficient or not for their annual subsistence. Households were designated as deficit (code: 0) or sufficient (code: 1), depending upon whether net food grains were bought or sold during the year. Home alcohol production was coded in a binary manner (yes 5 1, no 5 0). People were also asked if they grew fruit trees around their house (yes 5 1, no 5 0), and if so, asked to list the types of trees that they were growing. Each tree species was coded '1' if present and '0' if absent.
If households experienced damage (crop or property damage) from elephants in the past 5 years, they were coded as '1' (otherwise '0'). If households received home damage, we questioned if the kitchen was initially targeted.
People were asked to characterize the frequency of HEC locally as one of four levels: none, moderate, high and very high. If HEC was infrequent and up to a couple of times in a year, it was categorized as moderate. 'High' was defined if the elephant movement was seasonal and predictable; 'very high' indicated the damage was intense and elephant conflict was throughout the year. We asked residents to identify the month(s) when they experienced elephant damage, and also the crops that elephants raided over the last five years on their farms. People were also asked if they had any local electric fencing to defend against elephant movement (coded as 1 -yes, 0 -no). Respondents were also asked if they had received any financial benefit resulting from elephant conservation in their region directly or indirectly (coded as 1 -yes benefits, 0 -no benefits).
Statistical analyses
To determine the influence of land-use and home-use practices relative to HEC, we used binary logistic regression to develop the best predictive model to approximate how likely (or unlikely) the outcome was to occur associated with the presence of a particular variable. We used binary logistic regression for individual variables such as HEC frequency, type of elephant herd, electric fencing, and perceived economic benefit with crop or property damage. To generate our models, we included interaction terms between variables and used a stepwise approach so that variables or interactions with a p-value greater than 0.1 were removed from the model. We tested the probability of crop damage occurrence given the predictors: type of crops (rice, maize, wheat, and mustard), farm size and number of crops grown in a year. Similarly, the probability of property damage was tested using the predictor: type of fruit trees (banana, mango and jackfruit), number of types of fruit trees grown, and alcohol production at home (yes or no). We also considered multicollinearity and test of model fit. The variance inflation factor (VIF) was used to determine multicollinearity. In a stepwise approach, we also eliminated variables and/or interactions with a VIF greater than 10 (Peeters et al. 2012, Sibanda and Pretorius 2012) . The test of model fit was then performed using the Hosmer-Lemeshow goodness-of-fit test (Hosmer and Lemeshow 2000) . χ 2 was used to determine the significance of final models, with alpha levels set at 0.05.
Elephant damage was distinguished as either crop or property damage. Damage variables lead to the negative attitude towards elephant conservation. Government investment in infrastructures such as the construction of electric fences and residents receiving economic benefits from conservation could lead to positive attitudes for those residents. Thus, four variables (percentages of households suffering from crop damage, households suffering from property damage, houses having an electric fence facility around the area, and households perceiving economic benefit from elephant conservation) were considered for exploratory factor analysis to understand the Terai-wide position of specific districts and regions in terms of conservation measures and damage variables. Factor analysis was also performed to draw a score plot based on these four variables. Factor analysis is a tool to summarize the data into factors by condensing the large sets of data based on their correlations (Hair et al. 2009) , where a single factor acts as a variable. A factor analysis places the pairs of factors in a group (Riitters et al. 1995) . Thus, our study grouped damage variables (crop and property damage) in one pair whereas conservation measures (electric fencing and economic benefit) were grouped as another pair.
Results
Socioeconomic characteristics of respondents
Most respondents surveyed (63%) relied on agriculture as their primary occupation for their incomes, with business ranking a distant second (9%). Over two-thirds of households surveyed in ET and CT relied on farming for their basic source of income to the family; this percentage decreased to half in WT (Table 1) . Three-fourths of the households in the Morang and Sunsari districts (ET) and the Parsa District (CT) had farming as the major income. More than one-third of the families surveyed had small farms (, 10 Kattha, i.e. 0.34 ha), whereas only 4% of the families had large land holdings (. 100 Kattha, i.e. 3.38 ha, Table 1 . Western Terai households in particular had small landholdings, on average, and over 77% of households were less than 20 Kattha (0.68 ha, Table 1 ). Half of the households surveyed overall did not raise enough food to meet their household needs, with that number rising to two-thirds of surveyed residents from Morang District (ET) ( Table 1) .
Districts of CT (14.2%) had more extensive electric fence facilities compared to those of WT (5.5%) and ET (3.4%) ( Table 2 ). In addition to having high elephant damage in ET, there was low economic benefit received there from wildlife conservation through ecotourism or governmental agencies.
Human-elephant conflict
About one-fourth (27%) of the surveyed houses had experienced property damage and three-fourths experienced crop damage attributed to elephants (Table 2 ). Most households surveyed had experienced some elephant damage. In the past five years, over half (55%) of the households had experienced very high levels of conflict and another 26% had experienced a high frequency of conflict (Table 1) . Binary logistic regression identified that with each increase in level of intensity of elephant damage (low, moderate, high to very high), the chances of house damage increased by 88% (χ 2 5 51.96, p , 0.0001). Property damage was positively associated with the respondents' reported frequency of HEC whereas crop damage was not. Residents of ET experienced very high conflict more frequently (66%) than those of CT or WT (49% each)( Table 1) . Most elephant damage occurred between September and December, with an additional peak occurring in July (Fig. 2) . Electric fencing (0.974) and economic benefits (0.954) have large positive loadings on factor 1 (Table 3) , indicating factor 1 describes conservation measures in response to elephant encroachment or resulting from ecotourism. Crop damage (0.708) and property damage (0.797) have large positive loadings on factor 2 (Table 3) , indicating factor 2 describes overall damage experienced as a result of elephant encroachment. High communality values (Table 3) indicate that variables were well represented by the two factors. The percentage variance indicates that 46.7% of the variability in the data was explained by factor 1, whereas both the factors (factor 1 and 2) together explained 75.9% of the variability in the data. Factor analysis confirmed our predictions that the percentages of the households experiencing crop and property damage in each district represented negative variables for residents' attitudes towards HEC, whereas the percentage of households with electric fencing facilities in the area, and households perceiving economic benefit from wildlife protection represented positive variables (Fig. 3) . The score plot revealed that CT ranked high for fence installations and ecotourism benefits, whereas ET ranked high for crop and property damages (Fig. 3) . Specifically, house damage for ET residents was at 43%, with less home damage occurring in WT (25%), and CT (17%) ( Table 2) .
Rates of HEC were reduced near national parks (Chitwan and Bardia National Parks), where a higher percentage of electric fences were located (Table 2) . Moreover, people residing near national parks perceived better economic benefits resulting from wildlife conservation from ecotourism (Table 2 ). Higher house damage (2.58 times more) was observed in the districts that had both residential and mobile elephant herds (χ 2 5 38.18, p , 0.0001) compared to those districts with only residential elephant herds. In contrast, there was no difference in the levels of crop damage by residential and mobile herds.
Among districts, a score plot from factor analysis also revealed that Makawanpur (CT), Jhapa (ET), Morang (ET) and Bardia (WT) ranked high in elephant damage, whereas Chitwan (CT) and Bardia (WT) ranked high on conservation measures. Similarly, Rautahat District (CT) ranked low for both factors (conservation measures and damage variables) (Fig. 3) . Makawanpur District (CT) ranked highest for damage (Fig. 3 ), yet only one settlement from Makawanpur District was negatively affected from elephants, indicating a localized effect.
Human practices and HEC
Binary logistic regression demonstrates that only the number of crops grown on farms, growing of rice, and presence of large maize fields had statistically significant associations with crop damages (χ 2 5 64.72, p , 0.0001). The frequency Figure 2 . Month-wise HEC intensity in Nepal (2007 Nepal ( -2012 . Each month damages are presented in percentage of total damages. Traditional crops growing and harvesting seasons were shown by lines above the months. Table 3 . Rotated factor loading, communalities, and variance explained by the factors. Factor 1 describes the conservation measures whereas factor 2 describes the damage variables. of crop raiding was increased with the number of crops grown on the farms by 1.36 times (χ 2 5 9.30, p 5 0.002). Those households which grew more than two traditional crops in a year had higher frequency of damage. Most (92%) residents grew rice on their farms followed in frequency by maize and wheat. Fields having traditional crops such as rice and maize were targeted by elephants most frequently. The rice growing season begins in July and harvest starts in November, but the timing is variable according to which rice species is grown. Most conflict occurred during rice harvest (Fig. 2) , and farmers of over two-thirds of rice fields had experienced crop damage. Cultivating rice increased the risk of elephant raid in the crop fields by 2.49 times (χ 2 5 11.54, p 5 0.001). Maize is usually harvested in June/July, whereas wheat is harvested in April. About half of the households growing maize were raided, whereas one-fifth of the wheat fields were raided. Large maize fields were most frequently targeted by elephants as indicated by a significant maize and farm size interaction (χ 2 5 4.46, p 5 0.035).
The growing of specific tree species around the home increased the chances of damage to houses by elephants.
Stepwise binary logistic regression revealed that chances of house damage was significantly associated with bananas, bamboo, and alcohol production at home (χ 2 5 19.94, p 5 0.001). Half (54%) of the households raised bananas, of which one-third (33%) of those experienced house damage from elephants (Table 4 ). The frequency of home damage was increased when bananas were raised (χ 2 5 12.04, p 5 0.001). About 17% of the houses had bamboo trees in their home gardens, with one-fourth (23%) of those households experiencing house damage (Table 4) . Bamboo significantly decreased the chance of house damage from elephants by 40% (χ 2 5 8.01, p 5 0.002). The incidence of house damage being initiated at the kitchen (26%) was greater than the surface area represented by those kitchens (~10%). In most cases, elephants knocked down the homes completely. One-fourth of the households produced alcohol at home for local consumption, with one-third (31%) of those households being attacked by elephants. Alcohol production increased the chances of elephant attack to the house (χ 2 5 3.97, p 5 0.046).
In contrast to the above, almost half (46%) of the households grew mangoes, with 30% of those households attacked and one-fifth (22%) of the households raised jackfruit around the home (Table 4) but both had no significant association with home damage. There was no change in house damage by elephants relative to the number of tree species grown around the home. 
Discussion Demographic effects and HEC
Human-elephant conflict (HEC) is frequent in the Terai of southern Nepal, with more than half of the households surveyed experiencing high frequencies of elephant damage. Our findings of the border regions of ET experiencing the greatest elephant damage are consistent with those identified by Neupane et al. (2014) , where they tabulated published HEC incidents over a 10-year period; most reported damage was associated with trans-border mobile herds. Moreover, HEC has worsened in the past decade, resulting in increased casualties to both humans and elephants (Neupane et al. 2014) . Lastly, this is a pervasive problem among Asian countries, as on-going HEC has been reported in India (Williams et al. 2001) , Sri Lanka (Campos-Arceiz et al. 2009), and Indonesia (Hedges et al. 2005) . Farmers in rural Nepal are poor, and up to half of those affected by HEC do not grow enough food for their subsistence. Therefore, losing even a small portion of their production to elephants may be burdensome to the family. This burden would be most severe for residents of WT, as these households consist of subsistence farmers with small landholdings. The majority of the households surveyed throughout the Terai possessed medium sized farms (10-30 kattha) which were relied upon to fulfill family needs.
Trans-border movements of elephants are seasonal and are typified by large herds which tend to be more aggressive than the smaller-sized residential herds (Shrestha et al. 2007 , Pradhan et al. 2011 , Neupane et al. 2014 . HEC was greatest during the winter, when rice matures, and showed a second peak during the harvest of maize in the summer. Similar to this study, other studies have identified peaks of damage from elephants coinciding with crop ripening and harvesting in India (Sukumar 1990 ) and in Sri Lanka (Campos-Arceiz et al. 2009 ). This seasonal difference in magnitude of crop and property damage by elephants may reflect low natural food availability during the winter rather than a preference of elephants of rice versus maize. For example, African elephants showed a preference for maize among crops grown (Barnes et al. 2005 , Chiyo et al. 2005 . Energyrich farm crops may supplement elephant diets during these periods of low food availability (Rood et al. 2010) . Thus, one possible mitigation measure may be the augmentation of elephant habitat with natural cool weather crops during these winter periods. Similarly, Putman and Staines (2004) found that supplementing winter feeding for wild red deer Cervus spp. in Europe and North America was effective to achieve conservation aims.
Residents adjacent to national parks were more favorable to elephant conservation in our study. National parks such as Chitwan National Park (CT) and Bardia National Park (WT) may affect HEC in two important ways: 1) there is often better electric fencing around the villages surrounding national parks, which helps to reduce HEC; and 2) ecotourism from national parks provides an increase in economic benefit to local residents. These improvements may enhance the residents' tolerance of HEC, as park authorities of these forests have better management programs to reduce wildlife movement into human settlements and maintain funds for local development available to local residents (Neupane 2007 , Paudel et al. 2007 . In contrast, factor analysis revealed that highly impacted Jhapa and Morang districts (ET) were not adjacent to national parks, and therefore ecotourism benefits were low. Further, residents of those districts experienced extensive damage from mobile herds of elephants crossing the border with India (Shrestha et al. 2007 , Pradhan et al. 2011 , Neupane et al. 2014 . Neupane et al. (2017) surveyed the attitudes of residents towards HEC mitigation, and found a negative relationship between the degree of damage from elephants and residents' willingness to pay for HEC mitigation in the Terai. Variables Neupane et al. (2017) identified to be positively impacting residents' willingness to pay towards HEC mitigation were residents' education levels, income, and the extent and frequency of human injury and death. Conversely, factor analysis in the present study revealed that Chitwan and Bardia districts scored high on benefits with moderate damages from elephants. These areas have comparatively better fencing and ecotourism is perceived by residents as a benefit to the local economy.
Home-use practices and property damage
Elephants preferentially attack homes which produce alcohol. Thus, alcohol production should be moved away from the house to reduce elephant damage. Consistent with anecdotal statements, elephants that are assumed to be in search of food preferentially attack the kitchens when first impacting houses; kitchens are usually adjacent to both the production of alcohol and the storage of grains following harvest.
Gardening practices adjacent to the home also influence elephant damage. Having fruit trees such as bananas in near proximity to the home increased the chances of elephants damaging houses. Although households growing mango trees had a non-significant increased incidence of elephant damage, households growing mangoes typically also grew bananas which increased risk of house damage. Consistent with our findings, banana trees have been shown to be a preferred target by both Asian (Sukumar 1990 ) and African elephants (Lahm 1994 , Barnes et al. 2005 . Thus, a second potential mitigation effort would be the use of and placement of fenced community orchards at the edges of settlements rather than adjacent to individual houses. In contrast, households growing bamboo, which tends to be grown further away from the home than fruit trees, had a reduced frequency in elephant damage, consistent with the results of Kumar et al. (2004) in India. Although elephants will readily feed on bamboo (Kumar et al. 2004) , bamboo may act as a buffer since elephants will feed on bamboo distant from houses.
Conclusions and recommendations
Patterns of elephant raiding are often land-use and homeactivity specific, and hence mitigation strategies should be targeted in that direction. A mitigation plan can only be implemented effectively after examining the conflict patterns and establishing their connections to anthropogenic activities (Sitati et al. 2003 , Jackson et al. 2008 . For example, a single male elephant is more probable to cause property damage whereas herds of elephants are involved in crop damage (Shrestha et al. 2007, Neupane unpubl.) . Landuse planning can provide a long term approach to mitigate human-wildlife conflict, as that planning accommodates both humans and wildlife (WWF 2005) . However, HEC patterns relative to land-use practices are rarely studied. Creating a buffer zone at the boundaries of human settlements and forests would provide time for residents to detect wildlife intrusion and thus provide time for the deterrence of large mammals such as elephants (Chardonnet et al. 2010) . Being inexpensive and rapid growing, bamboo trees could therefore be positioned as living fence rows around the perimeters of settlements to reduce HEC.
In Nepal, current practices dealing with HEC are often reactionary at the time of elephant encroachment, including the use of fire and fire crackers as repellents. Other methods presently employed for mitigating HEC require substantial infrastructure investment such as electric fencing, trenches, and watch towers (Shrestha et al. 2007 ). The use of electric fencing represents an expensive initial investment and regular maintenance. An early-warning siren system could be effective to alert and prepare residents to defend against elephant intrusions. Additionally, corridor management between forests and the enhancement of protected forests are other measures that could help to control HEC regionally (Neupane et al. 2017 ). However, the major problem of implementing these measures is the lack of financial resources of residents in the impacted regions, as the government has not invested sufficient funds to initiate better measures. Neupane et al. (2017) have identified the potential financial resources that could be collected from local residents if the mitigation and compensation programs are improved. Our results suggest that careful planning for home-and land-use patterns may reduce HEC. For example, simple cost-effective measures such as the planting of bamboo and fruit trees away from homes would likely provide beneficial results. Further, planting fruit trees or other cool weather crops inside forests could also reduce the elephant encroachment to villages.
The growing of alternative crops adjacent to forests could be effective in mitigating HEC, yet represents a fundamental shift in local agricultural practices, as both rice and maize are dietary staples of the region. Several crops have been proposed which are unfavorable to elephants such as tea, tobacco and chili (Nelson et al. 2003) . In Africa, Parker and Osborn (2006) suggested the planting of chili, and Aharikundira and Tweheyo (2011) recommended the planting of tea plantations to serve as buffer crops against raiding elephants. However, the growing of perennial alternative crops such as tea represents an initial cash-negative investment as these crops require years to mature and generate a profit (Mitra 1991) . Locally, in the buffer zone of Bardia National Park, a mentha plantation was developed to control wildlife encroachment from the forest, especially one-horned rhinos Rhinoceros unicornis (DNPWC 2009); megafauna rarely feeds on mentha (Thapa 2010) .
Barriers to the implementation of the strategies above include a lack of time and money for local residents. Households in the rural villages are poor; alternative cropping other than rice and maize could be pursued only with government or NGO subsidies. Markets must be explored and transport mechanisms must be developed as these alternative crops must be economically viable to replace the income and food provided by traditional crops such as rice and maize.
Ours is the first study to systematically describe the association of HEC with land-and home-use practices in Nepal, and to the best of our knowledge the first study to address these questions in south Asia. As elephants learn to foil HEC mitigation practices quickly, it has been recommended to use a variety of HEC mitigation techniques (Gunn et al. 2014) . Our results point toward novel HEC mitigation techniques that add to the variety of techniques available to local wildlife managers.
